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Electronic device and method of manufacturing saTne 



The invention relates to an electronic device comprising: 

a first chip having an active side and a back side, on which active side the jBrst 
chip has JBrst and second conductive interconnections; 

a second chip having an active side and a back side, on which active side the 
second chip has first conductive interconnections, the active sides of the first and second 
chips facing each other, the first conductive interconnections of the chips being mutually 
connected in an electroconductive manner by first metal interconnections; 

a substrate having a first side feeing the active side of the first chip, the 
substrate comprising conductive interconnections which are electroconductively connected to 
the second conductive interconnections of the first chip by means of a second metal 
intercoimection. 

The invention also relates to a method of manufacturing such an electronic 
device in which a unit of ttie first chip and the second chip is mounted on the first side of the 
substrate while forming electrical contract between the conductive interconnections on the 
substrate and the second conductive intercoimections on the first chip by means of the second 
metal interconnection. 



Such a device and such a method are known firom US-B 1-6,225,699. The first 
and second chips are a processor chip and a memory chip in particular. It is observed that 
within the context of this application a chip comprises a circuit of components which are 
mounted on a substrate. In the known device the substrate is an apparently arbitrary substrate 
having a flat surface, such as a carrier, a substrate or a third chip. The metal interconnections 
in the known device are metal balls or solder balls, solder columns, electroplated copper 
columns, micro-velcro interconnections, polymer metal interconnections or what is called C4 
(controlled collapse chip connections). The second metal interconnection is here particularly 
a part having a high melting point - also called reflow temperature - and a part having a 
lower reflow temperature than that of the first metal interconnection. In this way it is 
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achieved that the height of the second metal interconnection is at least as large as the height 
of the second chip and the first metal interconnection together. 

The known device, however, has various disadvantages. When the substrate is 
a carrier, such as a printed circuit board, it is disadvantageous for the second chip to be 
hardly protected or not protected at all. In addition, assembling the device on the carrier, 
which is to be effected by a consumer, is rather sensitive to deviations in the temperature 
used. At too high a temperature the first metal interconnections will give way, whereas at too 
low a temperatiire no proper contact between tiie conductive interconnections on the carrier 
and those on the first chip is realized. 

When this substrate is a third chip or a substrate having a flat surface - i.e. a 
substrate of a ceramic material as appUed as an interposer substrate - the device has other 
disadvantages. For example, the height of the total device is rather great, whereas interposer 
substrates turn out to be too expulsive in many appUcations. 



It is therefore a first object of the invention to provide a device of the type 
defined in the opening paragraph, which can be mounted on a carrier without specific 
measures being taken by a user and, additionally, satisfies the requirements customary for 
semiconductor devices. 

This first object is achieved in that: 

the substrate comprises a heat sink which is connected to the back of the 
second chip by conductive adhesive, and comprises contact surfaces that can be contacted on 
the second side of the substrate; and 

an encapsulation of passivating material is present which envelops the first and 
second chips at any rate substantially and which the substrate is adhered to. 

The device according to tihe invention appears as a substrate with contact 
surfaces, on which an encapsulation is present with a number of elements inside. The 
encapsulation is tiien not only a protective layer against dirt, moist and similar influences. 
The encapsulation is also and especiaUy the material that provides mechanical stability of the 
device. If during a fiuiher soldering or heat ti-eatment tiie temperahu-e rises beyond the reflow 
temperature or one or more of the metal interconnections or parts thereof, the device does not 
disintegrate tiianks to the encapsulation. The encapsulation then provides proper adhesion 
between ttie subsh-ate and the rest of the device. This is preferably realized by openings in tiie 
substirate so tiiat the substrate is embedded and secured in the enc^sulation. 
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The mechanical fiinction of the encapsulation additionally makes it possible to 
largely omit the substrate. i.e. to limit the substrate to one or more conductive layers for the 
necessary interconnects and external contacting. This reduces the size of the device, more 
particularly the thickness. Even with a substrate the device, however, is more compact 
afready than the known device with a ceramic substrate or a third chip. In the device there are 
contact surfaces on the second side of the substrate. This means that a perpendicular 
projection of the contact surfaces on the active side of the first chip is largely located within 
the first chip. In known technology, with a further chip or with an inteiposer substrate, there 
are no interconnections through the substrate to the second side. The contact surfaces he on 
the first side, outside the first chip. 

The presence of an enc^sulation does complicate the heat dissipation of the 
first chip, however. In order to solve this attendant problem the device comprises a heat sink 
which is connected to the back of the first chip by a conductive adhesive. For this purpose 
this back side preferably comprises an electrically conductive layer. It is observed that the 
heat sink may also or even primarily be used as ground, if so desired. 

In an advantageous embodiment the second metal interconnection has at least 
partly a lower reflow temperature than the first metal interconnection. More particularly a 
metal ball is made use of in this respect. Surprisingly it has been found that such a metal baU 
does not flow despite such a low reflow temperature. Experiments in which the not-yet- 
encapsulated device has been passed through the reflow oven ten times have shown that 
despite the low temperature the second metal interconnection did not break down. Favorable 
materials are, inter alia, solder of tin, silver and copper, also known as SAC solder, having at 
least 95% Sn, 3-5% Ag and 0.1% Cu, and eutectic PbSn. It should be observed that the metal 
interconnection may also be formed fiiom different parts, for example, from a copper column 
and a small solder ball on top. 

In addition it has been found that by jq)plying such a low-melting second metal 
interconnection, inaccuracies in the thickness of the second chip, the first metal 
interconnection, the adhesive layer and particularly components can be eliminated in the 
substrate. Thanks to the reflow the second metal interconnection the stress built up due to the 
deviations in the thicknesses and heights of said component parts and layers is relaxated. The 
result of this is that the contact surface of the heat sink and the contact surfaces of the 
conductive interconnections in the device have a coplanar position. Furthermore, such a 
relaxation effect may also be achieved in a different manner, for example, by applying an 
underfill between the first and second chips and using an ordinary high-melting solder for 
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this purpose. This different manner, however, causes an additional step to be made, whereas a 
higher temperature is necessary during the reflow. 

Furthermore, it has appeared to be advantageous to use gold balls for example, 
such as Au/Au, Au/NiAu or Au/Al for the first metal interconnection. Such a metal 
interconnection may be fixed by means of themiocompression, which offers advantages in 
practice. 

In a fiirther, advantageous embodiment the substrate is a lead fi-ame having 
openings in which the passivating material of the encapsulation is present. Embedding of the 
substrate in the encapsulation occurs through the openings in the substrate. The lead fiame is 
furthermore advantageous m that it may be very thin. In essence it is a single conductive 
layer or a stack of several conductive layers. A highly favorable lead frame is known as 
HVQFN (ffigh Voltage Quad Flat Non-leaded). Further advantageous lead frames in essence 
comprise one or several layers which are deposited on a sacrifice layer. The sacrifice layer is 
removed after the encapsulation has been ^pKed. An example of this is described in non- 
prepublished application EP 02079544.9 (PHNL021100). 

In a still fittther, advantageous embodiment the adhesive has a layer thickness 
of less than 50 nm, more particularly between 10 and 25 ^m. It has appeared that with a 
decreasing layer thickness less spreading occurs in the distance between the substrate and the 
back of the second chip. It is important that this spreading be Umited, because there are 
already a number of other spreading factors. However, when the adhesive layer becomes too 
thin, there is a chance of insufficient bonding and the force necessary for application 
increases disproportionately. Too high a force creates an increased risk of breakdown of 
metal balls. 

It is advantageous for the second chip to have a smaller surfece than the first 
chip in a plane parallel with the active side. Albeit the second chip may also be shifted 
relative to the first one, it is advantageous for the mechanical stabiUty when a second chip 
covers only part of the active side of the first chip. 

Such a chip-on-chip construction is attractive, for example, for the 
combination of a microprocessor and a memory chip, for a fimctional chip and an 
identification chip. However, it is particularly advantageous when the first chip comprises an 
integrated circuit of in essence passive components, whereas the second chip comprises an 
integrated circuit of in essence active components. In this respect it is observed that the first 
chip nevertheless can comprise a number of active components, whereas the second chip can 
also comprise a number of active components. The first chip is then manufactured on a 
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semiconductor substrate, with a conductive interconnection to the back side. The 
SCToiconductor substrate can be partly removed after manufacturing, in particular by means of 
etching and/or polishing, as is known to the expert. The second chip may be manufactured on 
a semiconductor substrate, for example, of silicon, but also on an electrically insulating 
5 substrate such as glass, AI2O3 or a ceramic material. Passive elements which may be present 
comprise coils, resistors and capacitors but also resonators, micro electromechanical system 
(MEMS) elements, antennas, microstrips and sensors. 

The combination of a first, passive chip and a second, active chip is 
particularly advantageous since the size of passive components is usually larger than the size 
10 of active components, whereas at the same time fewar requirements are made on the 

resolution of the passive components. It is also advantageous for flie first and second chips to 
have substrates with a different resistance. Id particular for high-fi-equency applications it is 
advantageous for flie first, passive chip and the second, active chip to be close together. For 
that matter, the high-frequency behavior provides that bond wires and interconnects are 
1 5 undesiredly active as coils. This is considerably limited in this embodimCTit. 

In a particular embodiment the first chip is a substrate of doped semiconductor 
material and contains pores which extend in a direction in essence perpendicular to the plane 
running parallel to the active side and in which capacitors are defined. Such capacitors have a 
large capacitance and are therefore highly suitable as decoupling capacitors. An advantage of 
20 the use of such capacitors is that the required surface area for the capacitors remains small. 
As a result, for example the design condition can easily be met which says that the first 
conductive interconnections in essence fall within the heat sink when they are projected on 
the substrate. 

In another embodiment a tturd chip is present having an active side and a back 
25 side. The active side of it comprises conductive interconnections. Just like the second chip, 
the active side of the tiiird chip faces the active side of the first chip, the conductive 
interconnections of the third chip being mutually electix)conductively comiected with fiuther 
conductive interconnections of the first chip by metal interconnections. The subsfa^te then 
has a second heat sink which is connected by means of conductive adhesive with the back of 
30 the third chip. In this embodiment the first chip is the carrier for the second and third chips. 
The heat dissipation of the two chips is then ensured by independent heat sinks. If so desired 
for the apphcation, the heat sinks may then be connected with different voltages. 

For the presence of a third chip in the device, there are various appUcations. A 
first apphcation is tiiat both the second and fliird chips are amphfiers, each for a certain 
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frequency band. A second application is that the second chip is a transceiver chip, whereas 
liie third chip is a voltage-controlled oscillator. A third application is that the first chip 
conq)rises sensors, whereas flie second chip drives these sensors and the third chip provides 
flie processing of the data measured by the chip. In this respect it is advantageous, but not 
necessary for the first chip to comprise an integrated circuit of passive components. 



It is a second object of the invention to provide a method with which the 
device according to the invention can be manufactured with a reliable result. This object is 
achieved in that the method comprises the steps of: 

providing an ensemble of a first chip and a second chip, each with an active 
side and a back side, which active sides, comprising first conductive interconnections, are 
facing each other and the first conductive interconnections are mutually electroconductively 
connected by a first metal interconnection, the active side of the first chip comprising second 
conductive interconnections; 

providing a substrate having a first and an opposite second side, tiie substrate 
comprising a heat sink, conductive interconnections and contact surfaces for external 
contacting, 

applying the raisemble of the first and second chips on the first side of the 
substrate, while the conductive interconnections having a second metal interconnection are 
electroconductively connected with the second conductive interconnections of the first chip 
and the heat sink is connected to the back of the second chip by means of conductive 
adhesive; 

curing of the adhesive; 

re-melting of at least part of the second metal intercoimection under relaxation 
of stress caused by flie shrinking of the adhesive layer during curing, and 

applying an encapsulation of passivating material around the first and second 
chips and around the metal interconnections, which material is bonded to the substrate. 

When the ensemble is mounted, the second chip is pressed into the adhesive 
layer with such a force fliat a bond arises. When tiie adhesive is cured, this bond remains 
intact and tiie adhesive shrinks. The result is tiiat tiie heat sink rises along witii tiie adhesive. 
This causes a stress which is relaxated by re-melting at least part of the second metal 
interconnections. During tiiis remelting also tiie rest of flie substrate is raised. The balanced 
or even largely stiress-free situation tiius obtained is tiien maintained by applying the 
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encapsulation of passivating material which cures or is cured in customary feshion, for 
example, by a heat treatment. 

In an advantageous embodiment the conductive interconnections in the 
substrate are located on an elastic layer, so that when the ensemble is deposited on the 
substrate, the conductive interconnections can bend to a certain extent and reversibly. More 
particularly the elastic layer is a layer of air and the substrate is a dual or multi-layer lead 
frame with the conductive interconnections being supported only on one end. Thanks to the 
bending there is an additional stress on the substrate which adds to the shift in the direction of 
the first chip. Besides, a dual-layer lead fi-ame can in this way provide that all contact 
surfaces, that is to say, those of the heat sink and of the conductive interconnections are 
ordered in a co-planar fashion. 

In a further embodiment the second metal interconnection comprises a solder 
having a reflow temperature that is lower than the reflow temperature of the first metal 
interconnection. This is a simple way of preventing the first metal interconnection to break 
down during the relaxation step as a result of reflow. Moreover, it is advantageous for the 
second metal interconnection to comprise solder that can melt completely. For this provides 
that the second metal interconnection can shrink considerably. The purpose is then a height 
equal to that of the total adhesive layer, second chip and first metal interconnection. If the 
distance to be shrunk is about 10 micrometers, this may be reahzed with a 50-micrometer 
solder ball, but not with a 10-micrometer solder ball. 

There are various techniques for applying the solder. For example, it is 
possible to place a solder ball on the substrate while the second conductive intercoimection is 
covered by a layer of Au. It is alternatively possible to attach the solder ball to the second 
conductive interconnection of the first chip while an acid flux treatment is given during the 
application, or a flux layer is abready present on the substrate. However, it is to be preferred 
to attach a solder ball to the second conductive intercoimection while a solder dot having 
solder particles and acid in a 50-50 ratio is deposited on the substrate. 

In a still further embodiment the adhesive is applied in a layer thickness of less 
than 50 fxm. When the ensemble of the chips is mounted on the substrate, the second chip is 
pressed into the adhesive layer. This is done with a certain force. Now if the adhesive layer is 
thick, a slight deviation of the intended force will already result in a considerable deviation in 
the eventually obtained thickness of the adhesive layer. If the thickness of the adhesive layer 
diminishes, the deviation in the thickness diminishes even further in case of a deviation of the 
force. 
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These and otiier aspects of ttie invention are apparent fiom and will be 
elucidated with reference to the embodiments described hereinaftar. 



In the drawings: 

Figs. 1 A-ID show cross-sectional views of different stages in the method; 

Fig. 2 shows a cross-section of flie device obtained; 

Fig. 3 shows a cross-section of a second embodiment of the device. 

The Figures are not drawn to scale and several parts have been shown enlarged 
for clarity. Like reference numerals in different Figures refer to Uke or comparable parts. The 
«nbodiments are merely intended as examples and must not be understood to be a restriction 
of the protective scope. 

Fig. 1 A shows a first step in the method in which a substrate 10 and an 
ensemble 50 of a first chip 20 and a second chip 30 are provided. The first chip 20 and the 
second chip 30 each have an active side 21, 3 1 and a back side 22, 32. On the active side the 
elements are defined i.e. an integrated circuit of passive components in the first chip 20 and 
an integrated circuit of active elements in Xbs second chip 30. The second chip 30 in this 
example comprises a silicon substrate but may also contam a substrate of, for example, a lU- 
V material. The first chip 20 and the second chip 30 have on their active sides 21,31 first 
conductive interconnections which are not shown for clarity. The first conductive 
interconnections are mutually connected to first metal intercomiections 24 which in this case 
comprise metal balls Au. The first metal intercomiections 24 have come &om applying Au on 
both the first chip 20 and tiie second chip 30, and then giving them a thermal compression 
treatment. The first metal interconnections 24 may be embedded in the underfill layer, which 
layer is known per se. The first chip 20 further comprises second conductive intercomiections 
(not shown either) which have solder balls 23. It should be observed that both the first and 
the second conductive interconnections form a Ball Grid Array in which the pitch of tiie first 
conductive interconnections and the height of first metal mterconnections 24 are smaller ttian 
the pitch of the second conductive interconnections and tiie height of ttie solder balls 23. The 
conductive interconnections are shaped in a layer of Cu or Al and provided, as required, with 
an adhesive layer known per se. The first and second conductive intercomiections on the first 
chip 20 are muhially electiically connected eitiier via tiie elements defined in tiie first chip or 
not. 
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The substrate 10 in this case is a lead frame and comprises a first side 1 1 and 
an opposite side 12. The substrate comprises a first and a second electricaUy conductive layer 
of Cu. The lead fiame 10 is formed by skillfiilly etching it with a semi-etching technique, 
first fixjm the first side 1 1 and then fiiom the second side 12 or the other way around. This 
results in a heat sink 13, conductive interconnections 14, 15 and contact surfaces 16, 17, 
while the heat sink is also the contact surface. The heat sink 13 is customarily connected to 
the rest of the lead fi^e 10 by means of four wires. There is an open space 18 under the 
conductive interconnections 13, 14. On the first side 1 of the lead frame 10 a conductive 
adhesive 25 is appUed i.e. a silver containing glass epoxy adhesive. On the first side 1 are 
fiirther deposited solder dots 26, for example, by printing wifli a stencil. 

In this way a construction has been provided that is to be attached. The second 
chip 30 together with the first metal iaterconnection 24 then has a thickness of 1 50 ± 15 jim. 
The layers of the lead fiame 10 have a thickness of 70 ± 20 while in the location of the heat 
sink 13 relative to the conductive interconnections 14, 15 there is a play of about 20 ^m. The 
maximum spreading is thus about 55 nm. This spreading can be eliminated by remelting the 
solder balls 23 and the solder dots 26, and slightly in the adhesive layer 25 which, however, 
is chosen to be thin, for example of a fliickness of about 20 jim. 

Fig. IB shows the situation after the ensemble 50 of the first chip 20 and the 
second chip 30 has been attached to the first side 1 1 of the substrate. The back 32 of the 
second chip 30 is then pressed into the adhesive layer 25 while the solder dots and the solder 
baUs are mutually connected into a metal interconnection 27. As will be understood by those 
skilled in the art, the metal interconnection 27 is not soUd until after a heat treatment. The 
solder is here a low-meltmg SAC solder which contains over 96% Sn, 3% Ag and about 0.5% 
Cu. The fact that the conductive interconnections 14, 15 are slightly and reversibly bent 
during the attaching of the ensemble 50 is not shown. This is possible because there is an 
elastic layer undemeafli the conductive interconnections 14, 15, here a layer of air. The 
bending provides an upward pressure on the conductive intercoimections 14, 15. 

Fig. IC shows the situation after the curing of the conductive adhesive. This 
takes place as a result of a heat treatment of 100-150 °C. The heat sink 13 of the lead frame is 
then pulled up when the adhesive layer 25 shrinks. The result is a downward pressure. 

Fig. ID shows the situation after the metal interconnections 27 are taken to 
beyond their reflow temperature and have been able to distort. Without the connection with 
the substrate 10 or with the first chip 20 being broken, the metal interconnections 27 are 
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flattened. The result is that the stress in the conductive interconnections 14, 15 and the heat 
sink 13 is relaxated. 

Fig. 2 shows the final device 100 once the enc£q>sulation 80 has been applied. 
The enc^sulation comprises a passivating material known per se such as a glass-filled 
5 epoxy, a polyimide or another resin that has been chosen for the desired coefiBcient of 
expansion by the expert. The substrate 10 is embedded in the encapsulation 80 here while 
also the openings 18 are filled and the contact surfaces on the second side 12 can be reached 
for external contacting. Solder balls, also of the lead-fi:ee type, may be applied to this after 
which the device as a whole is ready to be placed on a carrier such as a printed circuit board. 

10 From the outside the device 100 then does not differ fi-om any other semiconductor device. 

Fig. 3 shows in a cross-section a second embodiment of the device 100. In this 
embodiment a third chip 40 is present in addition to a second chip 30. Both chips 30, 40 face 
the active side 21 of the first chip 20 with their active sides 31,41. First and third metal 
intercoimections 24, 28 then provide the electrical contact. Via adhesive layers 25, 29 the 

15 chips 30, 40 are connected with their back sides 32, 42 to a first heat sink 13 and a second 
heat sink 19, respectively. The heat sinks 13, 19 are not connected electroconductively 
mutually, and may be driven at different voltages, for example +5 volts and -5 volts, as 
desired. The second and third chips 30, 40 are in this case amplifiers for various frequency 
bands. The first chip 20 is here the so-called passive chip and comprises the substrate of 

20 high-ohmic silicon in which vertical capacitors are defined. Furthermore, the first side 21 has 
defined on it resistors, planar capacitors having a smaller capacitance than the vertical 
capacitors, coils and conductive intercomaections. 



